Introduction: The prevalence of acute bacterial skin and skin structure infections (ABSSSIs) continues to increase. Bloodstream infection (BSI) is a severe secondary complication of ABSSSI. The objective of this study was to determine clinical and sociodemographic risk factors for BSI in patients with acute bacterial skin and skin structure infections (ABSSSIs) and
INTRODUCTION
Acute bacterial skin and skin structure infections (ABSSSIs) are complicated skin and skin structure infections that generally require hospitalization and parenteral antibiotics and include the diagnosis of cellulitis/erysipelas, wound infection, major cutaneous abscess with an accompanying redness, or edema that extends to a minimum lesion surface area of 75 cm [2, 1] . ABSSSIs are among the most common infections encountered in community and healthcare settings [2, 3] . The number of patients diagnosed with ABSSSIs has steadily increased in the USA over the last 2 decades [4] [5] [6] . This increase in ABSSSIs has coincided with rising hospital admissions and complications including secondary bone and joint infections, amputations, and bloodstream infections (BSI) [7, 8] . BSI, although still relatively rare (5-12%) [9, 10] , is considered one of the most severe complications of ABSSSI as it carries a significant risk for morbidity and mortality [9, 11] . The most common bacterial pathogen associated with BSI secondary to ABSSSI is Staphylococcus aureus. Although once restricted to patients with traditional healthcare-associated risk factors, community-associated methicillin-resistant S. aureus (CA-MRSA) is now a predominant pathogen in ABSSSI, and prevalence is typically higher in urban populations, disproportionately affecting individuals of low socioeconomic status [12, 13] .
Because secondary BSI in ABSSSI is associated with high rates of mortality, several investigators have attempted to identify patient characteristics that are associated with this complication [9, 14, 15] . However, risk factors for BSI have not been evaluated in African American patients with ABSSSI and low socioeconomic status in an urban setting. Therefore, the primary aim of this study was to identify significant clinical and sociodemographic risk factors for BSI in patients with community-onset (CO) ABSSSI residing in downtown Detroit.
In addition, we sought to determine the extent to which clinical and sociodemographic factors impact severity of infection in patients with ABSSSI ? BSI.
METHODS

Study Setting and Patient Population
This retrospective, case-control study was conducted at two major medical centers located in downtown Detroit, Michigan: the Detroit Medical Center (DMC) and the Henry Ford Health System (HFHS). Both medical centers have centrally located campuses and therefore service a large section of the inner-city Detroit patient population. The population of interest consisted of patients hospitalized with CO-ABSSSI diagnosed within 48 h of admission, as previously defined [16] between January 2010 and December 2015. Patients were excluded if they had any of the following concomitant diagnoses because these infections tend to have a higher likelihood of poor patient outcomes irrespective of concomitant BSI: [17] osteomyelitis, septic arthritis, prosthetic devicerelated infection, an animal or human bite, burn, necrotizing fasciitis, pyomyositis, or ABSSSI secondary to recent (within 2 weeks) surgery. Cases were defined as inpatients with at least one positive blood culture meeting the Center for Disease Control and Prevention (CDC) BSI criteria [18] collected within 48 h of admission and in whom ABSSSI was documented as the primary source. Study controls consisted of inpatients with CO-ABSSSI and blood cultures collected within 48 h of admission demonstrating no microbiologic evidence of BSI.
Data Collection and Definitions of Study Variables
Both case and control patients were identified using International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] diagnostic codes via the DMC and HFHS electronic medical records (EMRs). Data elements including demographics, comorbid conditions, prior hospitalization (180 days), history of S. aureus infection (60 days), prior ABSSSI (60 days), recent antibiotic exposure (30 days), vital signs (using the worst physiologic values within 24 h of admission), laboratory values, microbiology and antibiotic treatment were extracted from the EMR. All cases were screened and entered in the secure database, REDCap (Research Electronic Data Capture) [19] , an electronic data capture tool hosted by Wayne State University by a trained research assistant. Relevant data in the EMR were used to determine whether the patient met the criteria for ABSSSI according to FDA definitions.
Income and education levels were derived from the Census Bureau of Statistics by the patient's zip code. Severe ABSSSI was defined as need for incision and drainage or wound debridement in the operating room, amputation, admission to the intensive care unit (ICU) or severe sepsis, as previously defined [20] . Complications secondary to ABSSSI infection were defined as the development of endocarditis, osteomyelitis, and/or other sites of metastatic infection not present on admission. Thirty-day post-discharge vital status was ascertained from in-and outpatient records and categorized as deceased or alive with or without readmission. Patients with no follow-up visits or readmissions within 30 days of discharge were assumed to be alive without readmission. Readmission was considered ABSSSI-related based on physician documentation. This study was approved by the institutional review boards (IRBs) at Walden University (IRB# 0303767) and Wayne State University (IRB# 010616M1E), with the latter serving as coordinating IRB for the DMC review committee and HFHS IRB. A waiver of informed consent was granted. The study was performed in accordance with the 1964 Helskinki Declaration and its later amendments.
Statistical Analysis
The a priori minimum sample size for this unmatched 1:1 case-control study was calculated using the statistical test for differences in proportions [21] . A sample size of 187 case and 187 control subjects was required to achieve 80% power at a 0.05 significance level to detect an adjusted odds ratio (aOR) of C 2 for a risk factor with a known prevalence of 10-20% (diabetes, renal failure, prior antibiotics, recurrent infection) [17, [22] [23] [24] .
Descriptive statistics were used to characterize cases and controls. Continuous variables were compared by Student's t test if normally distributed and Mann-Whitney U test if the normality assumption was not met. Categorical variables were evaluated using Pearson's chisquare test or a two-tailed Fisher's exact test, as appropriate. Explanatory variables that were associated with case status (P B 0.1) in the unadjusted analyses were included in a multivariable logistic regression model. A backwardsstepwise elimination approach was used to eliminate the variable with the largest P value at each step. The Hosmer-Lemeshow statistic was used to evaluate the predicted and observed probability to test for evidence of a lack of a model fit [25] . Relationships between the explanatory variables and BSI were evaluated using the odds ratio (OR) and corresponding 95% confidence interval (CI). An identical procedure was used to identify a set of risk factors independently associated with increased risk of severe ABSSSI. All calculations were performed using IBM SPSS Statistics software, version 22.0 (IBM SPSS, Armonk, NY).
RESULTS
A total of 5267 patient records were screened for inclusion during the study period and 392 met criteria for inclusion (196 cases and 196 controls). Among potential cases (n = 3868), reasons for exclusion included the primary BSI source other than skin/soft tissue (n = 1579), excluded skin infection (chronic ulcer, burn, deep abscess, gangrene, necrotizing fasciitis; n = 1102), hemodialysis (n = 367), prosthetic material (n = 210), immunosuppression (n = 120), BSI [ 48 h after admission (n = 249), and pregnancy (n = 45). Among potential controls (n = 1399), reasons for exclusion included concomitant infection (n = 288), excluded skin infection (n = 610), hemodialysis (n = 158), prosthetic material (n = 82), immunosuppression (n = 55), and pregnancy (n = 10). Demographics, sociodemographics, clinical characteristics and outcomes of cases and controls are shown in Table 1 . The mean age of the overall population was 48.7 (SD 17.4) years with a male predominance (59.2%). With respect to race, African Americans made up the majority of the study population at 56.1% followed by Caucasians at 37.2%. In terms of sociodemographic characteristics by zip code, 6.9% had resided in a zip code with [ 30% less than a high school education, 35.7% were considered below the federal poverty level in terms of median household income, and 19.1% had no medical insurance.
On univariate analysis, cases (ABSSSI ? BSI) were significantly older (P \ 0.001) and predominately male (P = 0.008) compared with controls. No significant differences were observed regarding race or sociodemographic characteristics by zip code such as education, median income levels, or the type or presence of medical insurance ( Table 1) . As indicated by the median Charlson Comorbidity Index, case patients tended to have more underlying comorbid conditions such as chronic renal failure and diabetes compared with controls (P \ 0.001). The most common underlying conditions were diabetes, hypertension, and intravenous drug use. In addition, there were significantly more cases with previous hospitalization (P \ 0.001) and prior infection with methicillin-susceptible S. aureus (MSSA) (P = 0.014). Case patients also had a higher percentage of abnormal temperature, elevated white blood cell count (WBC), and acute renal failure on admission (P \ 0.001). In addition, cellulitis and infected wounds or ulcers were more common among cases whereas controls had a higher percentage of abscess or abscess plus cellulitis (P \ 0.001). Although there was no difference in the infection site (e.g., upper versus lower extremity, P = 0.930), controls had a higher rate of MRSA (P = 0.004) ( Table 1) .
Vancomycin was the most commonly used antibiotic overall. As shown in Fig. 1 , a significantly higher percentage of patients with ABSSSI ? BSI were treated with vancomycin compared with those with ABSSSI (79.1% vs. 64.3%, P \ 0.001). Clindamycin was the second most common antibiotic administered. Although the use of clindamycin was higher in patients with ABSSSI, this difference was not statistically significant (27% vs. 18.9%, P = 0.055). Cephalexin use was significantly higher in patients with ABSSSI; however, the overall use of this agent was low (6% vs. 0%, P = 0.030).
A higher percentage of cases had an infectious disease consult and were admitted to the ICU (P \ 0.001). Length of stay was also significantly longer for cases (7.4 days vs. 2.7 days, P \ 0.001). Secondary complications, clinical failure at discharge, and re-infection within 30 days of discharge were more common in case patients (P = 0.034, P = 0.003, P = 0.006, respectively). Although in-hospital mortality was low overall (2%), all deaths occurred among case patients (P \ 0.001). 
DISCUSSION
In this study, we examined a population in urban Detroit, MI, at risk for ABSSSI and ABSSSI ? BSI. Although risk factors have been evaluated in patients hospitalized for ABSSSI, there are limited studies on the risk for BSI in patients with CO-ABSSSI [9] . In addition, there are no investigations on the risk for BSI in patients with ABSSSI from an urban environment such as Detroit. It is important to evaluate inner-city populations because these populations often are of lower socioeconomic status and therefore are at risk because of limited access to appropriate medical care [26, 27] . These individuals may be more likely to delay seeking medical attention, which increases the risk of complications including hospitalization, surgery, relapse, and readmission [8, 28] . A delay in seeking medical attention for ABSSSI can also lead to the acquisition of BSI with severe complications including mortality [11, 28] . Several researchers have examined the relationship between patient characteristics and BSI in individuals with ABSSSI, which included the acquisition of MRSA from the community, older age, male gender, coronary heart disease, the presence of infected prosthetic devices, health care-associated infections, and abnormal WBC and vital signs [6, 9] . However, these investigations included patients with hospital-acquired infection, making it difficult to extrapolate these findings to CO-ABSSSI ? BSI. In addition, the contribution of socioeconomic factors was not examined. Consistent with previous investigations, we have also found that older age, male gender, abnormal temperature, and cells/l f Skin/skin structure specimen g Clinical failure at discharge defined as persistent symptoms, need for a change in antibiotics (not including antibiotic de-escalation) or further surgical intervention elevated WBC on hospital admission were significantly associated with ABSSSI ? BSI. Among our study population, the presence of MRSA, prior hospitalization, prior MSSA infection, and [ 30% with less than a high school education by zip code were additional risk factors. Although income and other sociodemographic characteristics had been previously evaluated for MRSA infections, the relationship between education level and ABSSSI ? BSI had not been reported previously.
In the present study, a number of comorbid conditions were also found to be associated with ABSSSI ? BSI including acute and chronic renal failure, hepatic disease, diabetes, hypertension, congestive heart failure, and intravenous drug abuse. Several of these factors had been previously reported. However, these studies focused only on hospitalized patients; therefore, the data may not be generalizable to patients who derived BSI in the community [9] .
Abscess or abscess plus cellulitis appeared to have a protective effect against BSI. The most probable explanation for this finding may be related to routine medical intervention that commonly includes incision and drainage of the abscess, which removes the focus of the infection and therefore probably protects the patients from BSI as a complication of ABSSSI [1, 10, 29] .
As expected, a significantly higher percentage of patients with ABSSSI ? BSI required an infectious disease consult, were admitted to the ICU, deemed a failure at time of discharge, and had a higher rate of mortality and reinfection within 30 days of discharge underscoring the need for early detection and optimized management in patients with ABSSSI ? BSI.
As pertains to our second research question examining risk factors for severe ABSSSI defined as need for surgical intervention in the operating room, amputation, ICU admission, or severe sepsis, we found that African American race, elevated WBC on admission, prior hospitalization, and presence of abscess plus cellulitis were independently associated with severe infection. Other researchers have found that African Americans have significantly higher rates of skin and soft tissue infections compared with Caucasians [8] . In addition, African Americans TMP/SMX sulfamethoxazole-trimethoprimsulfamethoxazole of low socioeconomic status have previously been found to have a higher rate of persistent infection, higher readmission rates, and increased infection complications [13, 28, 30] . However, the impact of race on severity of disease in patients with ABSSSI and ABSSSI ? BSI had not been evaluated prior to the present study.
Patients in our study diagnosed with cellulitis without abscess had a significantly lower OR for severe disease while abscess plus cellulitis was associated with an increased risk of severe disease. Individuals with abscess are more likely to have surgical drainage as a part of their treatment intervention, which removes the foci of infection and improves the likelihood of antibiotic success [1, 10, 29] . This procedure likely prevents patients' localized infection (abscess) from spreading into the surrounding tissue causing cellulitis and potentially BSI. Individuals with abscess plus cellulitis already have an extensive infection that has spread into the surrounding tissues, which may explain the observed association with severe infection.
However, the fact the foci could still potentially be removed may at the same time explain the protective effect against BSI.
Study Limitations
This study had a retrospective study design and therefore was subject to all of the potential biases associated with this type of investigation. For example, it was possible that there were missing data or incomplete data recorded in the EMR. While it appeared that incomplete or missing data were minimal during the data collection, it is possible that some data were not recorded or were recorded incorrectly. Another potential limitation was the assumption that in patients with the diagnosis of cellulitis and BSI, the S. aureus identified in the bloodstream originated from the patient's cellulitis. Cellulitis is a deep-seated infection of the subcutaneous tissues of the skin, and therefore it is difficult to culture the pathogen causing disease. While S. aureus is a pathogen associated with cellulitis, cells/l other bacterial pathogens such as streptococci are also a frequent cause of cellulitis [2, 10] . Therefore, although unlikely, cases of BSI where cellulitis without abscess was identified as the infection type may have been misclassified. Additionally, we evaluated the impact of race and ethnicity on severity of disease. The composite definition for severity included amputation. However, no amputations were recorded in the population cohort. It was possible that the exclusion of diabetic foot infections from this study is the most likely reason for the lack of amputations because surgical intervention including amputation is common among this population. Further, one of the objectives of this investigation was to determine whether sociodemographic characteristics were associated with ABSSSI ? BSI. However, this information was derived by zip code that was provided through Federal census data. Information on education and level of income was not available on an individual basis; therefore, the information was limited. We observed that patient outcomes were poorer among those with bacteremia. We did not further investigate the impact of treatment factors, such as drug choice or time to effective therapy, because it was beyond the scope of our research objective; however, future studies investigating the impact of management strategies on outcomes specifically in ABSSI ?BSI would be valuable.
Unfortunately, the time from symptom onset to presentation was not consistently documented, and therefore we were unable to analyze this factor. Lastly, the study was conducted on a population of mostly African American individuals who resided in Detroit or its immediate surrounding areas. Therefore, it is possible that the results of this investigation cannot be extrapolated to other metropolitan populations.
CONCLUSION
We have identified a number of patient characteristics, including sociodemographic factors such as level of education, that may contribute to BSI in patients with ABSSSI. In addition, several factors including African American race were associated with a higher degree of infection severity. According to these findings, there is a need to include sociodemographic characteristics when evaluating infection-related patient outcomes. Partnerships among community organizations, public health authorities, and intercity hospitals are needed to educate, screen, and identify individuals at risk to prevent these infections in this patient population. Further research is warranted to more fully characterize these risks and prevent these complications in this vulnerable patient population. Authorship. All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article, take responsibility for the integrity of the work as a whole, and have given their approval for this version to be published. Compliance with Ethics Guidelines. This study was approved by the institutional review boards (IRBs) at Walden University (IRB# 0303767) and Wayne State University (IRB# 010616M1E), with the latter serving as coordinating IRB for the DMC review committee and HFHS IRB. A waiver of informed consent was granted. The study was performed in accordance with the 1964 Helskinki Declaration and its later amendments.
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